The carbon dioxide (CO 2 ) emissions caused by the global construction industry account for 36% of the world's total carbon emissions, and 50% of China's total carbon emissions. The carbon emissions from Jiangsu Province's construction industry account for approximately 16% of the total emissions of the Chinese construction industry. Taking the construction industry in Jiangsu Province as our study object, therefore, this paper introduces the Intergovernmental Panel on Climate Change (IPCC) carbon emission accounting method as a means to measure the total CO 2 emissions of the Jiangsu Province construction industry. Specifically, we examine the period from 2005 to 2013. Based on the Tapio decoupling model, we analyze the decoupling state between the CO 2 emissions of the construction industry in Jiangsu Province and the province's economic growth. Our paper also employs the Logarithmic Mean Divisia Index (LMDI) approach, in order to conduct a decomposition analysis of those factors that influenced the changes in the level of CO 2 emissions during the studied period. According to the results of our research, during the period from 2005 to 2013, the CO 2 emission levels caused by the construction industry in Jiangsu Province experienced a significant increase. The cumulative total CO 2 emissions reached 402.85 million tons. During most of the years covered by our study, an expansive negative decoupling state existed between the level of CO 2 emissions and the output value of Jiangsu's construction industry. These periods were interspersed with either a weak decoupling state in some years or a strong decoupling state in other years. The indirect carbon emission intensity effect and the industry scale effect were the main factors influencing the increases in the construction industry's CO 2 emissions. At the conclusion of our paper, we put forward policy suggestions, with the objective of promoting the de-carbonization of the construction industry in Jiangsu Province.
Introduction
In recent years, many countries have taken the step of developing greenhouse gas (GHG) emission inventories, in order to reduce the threat from global warming [1] [2] [3] . In China, the CO 2 emissions caused by the construction industry account for 30% of the country's total CO 2 emissions [4, 5] . In recent years, China has paid more attention to reducing carbon emission and climate change [6] [7] [8] [9] [10] [11] [12] . Thus, reducing the levels of energy consumption and the CO 2 emissions of the Chinese construction industry is of vital importance if the energy conservation and emission reduction goals of the entire Chinese society (and even the entire world) are to be achieved. Considering that the development status of China's construction industry varies from province to province, differentiated development policies should be the consumption of construction materials by the construction industry in Jiangsu Province were collected from the China Statistical Yearbook on Construction (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) [48] [49] [50] . The data on the gross domestic product (GDP) of the construction industry in Jiangsu Province were collected from the Statistical Yearbook of Jiangsu (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) [51] [52] [53] . To eliminate the influence of inflation, we converted the data relating to the GDP of each year into constant prices, using the year 2005 as a benchmark. The CO 2 emission factors of fossil fuels were extracted from the GHG Protocol Tool for Energy Consumption in China [40, [54] [55] [56] , as shown in Table 1 . The data on the emission factors of power and related calculation methods were obtained from Factor Decomposition and Decoupling Analysis on CO 2 Emissions: Evidence from China's Circulation Sector [1] , as shown in Table 2 . Unit: 1 t CO 2 /1 t fuel, or 1 t CO 2 /1 t gas. The CO 2 emissions caused by the construction industry come from two primary sources, namely (1) direct CO 2 emissions (that is, the CO 2 emissions generated by the activities of the construction industry itself), and (2) indirect CO 2 emissions (that is, the CO 2 emissions generated by other-but related-industries, as induced by the construction industry) [40, [56] [57] [58] . For the purposes of this paper, the carbon emission sources of the construction industry are defined as those CO 2 emissions generated by the direct consumption of the construction industry of six types of energy (coal, gasoline, diesel, fuel oil, natural gas and power), as well as the CO 2 emissions generated by other industries in the process of producing four types of construction materials (cement, steel, glass and aluminum). Following the IPCC's carbon emission accounting method [59] , this paper proceeds to establish a model that can be used to measure the CO 2 emissions of the Chinese construction industry:
wherein, C represents the total CO 2 emissions of the construction industry (10,000 t); C dir represents the direct CO 2 emissions of the construction industry (10,000 t); C ind represents the indirect CO 2 emissions of the construction industry (10,000 t); E i represents the consumption of the ith type of energy (10,000 t); F i represents the CO 2 emission factors of the ith type of energy (1 t CO 2 /1 t fuel, or 1 t CO 2 /1 t gas); M j represents the consumption of the jth type of construction material (10,000 t); β j represents the CO 2 emission factors of the jth type of construction material (cement: 0.815 kg/kg; steel: 1.789 kg/kg; glass: 0.966 kg/kg; aluminum: 2.6 kg/kg).
Logarithmic Mean Divisia Index (LMDI) Approach
The LMDI approach introduced by Ang and Choi [60] has become the most popular of all IDA (Index Decomposition Analysis) methodologies [61] [62] [63] , as this approach has proven itself to be superior to alternative approaches [64] . The LMDI is an exhaustive (or refined) decomposition method, which ensures decompositions with identically null residual terms. The LMDI can be expressed as an extended Kaya identity, as was first proposed by Kaya [65] . In the principle of the Kaya identical equation, in order to analyze the factors influencing the changes in the construction industry's CO 2 emissions, this paper has constructed the fundamental formula of the CO 2 emissions of the construction industry as follows:
wherein, C it represents the CO 2 emissions generated by the consumption of the ith type of energy (10,000 t); E it represents the consumption of the ith type of energy (10,000 t standard coal); E t represents the total energy consumption (10,000 t standard coal); Q t represents the total output value of the construction industry, and P t represents the population of the construction industry. In addition, F it = C it /E it represents the carbon emission intensity effect of the ith type of energy; S it = E it /E t represents the structure effect of the ith type of energy; I t = E t /Q t represents the energy intensity effect; Y t = Q t /P t represents the per capita output effect; G t = C ind /Q t represents the indirect carbon emission intensity effect of the construction industry, and Q t represents the industry scale effect. According to the LMDI II approach, Model (3) can be further decomposed to derive the following formula:
wherein, ∆C Ft , ∆C St , ∆C It , ∆C Yt , ∆C Pt , ∆C Gt and ∆C Qt , respectively, represent the changes in the CO 2 emissions caused by the energy carbon emission intensity effect, energy structure effect, energy intensity effect, per capita output effect, labor scale effect, indirect carbon emission intensity effect and output scale effect of the construction industry. Referring to Ang's LMDI decomposition approach, we can express the various terms on the right side of Formula (4)-(10) as follows:
Elastic Decoupling Model
Using the Tapio decoupling model for reference purposes [66, 67] , the decoupling elasticity used in this paper refers to the ratio of change between the CO 2 emissions of the construction industry in Jiangsu Province and the overall output value of the construction industry. The degree of decoupling elasticity is a useful way to demonstrate the relationship between environmental changes and economic activities. We use this model in order to better discuss the relationship and show the effects of the driving forces that influence both carbon dioxide emissions and the decoupling status. The degrees of decoupling elasticity are based on the LMDI results, which show the relationship between carbon dioxide emissions and economic activities in seven aspects, as shown in Equation (11) . The ∆C is from Equation (10) . The decoupling model of the CO 2 emissions of Jiangsu Province's construction industry is specified as follows:
wherein, e represents the decoupling elasticity value between the CO 2 emissions of the construction industry in Jiangsu Province and the output value of the construction industry; C represents the CO 2 emissions of the construction industry (10,000 t), and GDP represents the total output value of the construction industry (100 million RMB). ∆GDP is the change of output value of the construction industry. According to the magnitude of the decoupling elasticity value, if we take the values of 0, 0.8 and 1.2 as the boundaries, there are four possible states: e < 0, 0 < e < 0.8, 0.8 < e < 1.2, and e > 1.2, respectively. In addition, according to the values whereby ∆C and ∆GDP are positive or negative, decoupling states can be classified into eight types [66, 68, 69] , as shown in Table 3 . From this table, we can see that expansive negative decoupling, weak negative decoupling and strong negative decoupling are all classified into the negative decoupling category, while recessive decoupling, weak decoupling and strong decoupling are all classified into the decoupling category. Similarly, expansive coupling and recessive coupling are both classified into the coupling category. , we were able to obtain the data pertaining to the total output value of the construction industry in Jiangsu Province. We also extracted data relating to the consumption of the various types of energy and construction materials already mentioned in this paper. Utilizing the CO 2 emissions calculation Formula (1), we obtained the data on the CO 2 emissions of the construction industry during the period from 2005 to 2013.
Energy Consumption of the Construction Industry
As shown in Table 4 , during the 2005 to 2013 period, the energy consumption of the construction industry in Jiangsu Province increased from 2,046,800 tce to 3,970,400 tce. This represented a rate of annual increase of 8.64%, a relatively significant increase trend. In terms of the structure of energy consumption, the energy consumption of Jiangsu Province's construction industry was concentrated in four main aspects, i.e., electric power, diesel, gasoline and coal. The highest amount of energy (by type) consumed by the construction industry in 2015 was electric power, at 271,300 tce, or 13.25% of the industry's total energy consumption. Diesel was ranked in second place, with 146,000 tce consumed, or 7.13% of total energy consumption. Gasoline ranked third, with 29,400 tce consumed, representing 1.44% of total energy consumption. In 2013, the province's construction industry power consumption increased from 271,300 tce to 618,600 tce, thus accounting for 15.58% of the industry's total energy consumption. Therefore, power was still the type of energy most consumed by the construction industry during our study period. Diesel and gasoline still occupied second and third places, respectively, with 378,000 tce of diesel (or 9.52% of the industry's total energy consumption) and 161,800 tce of gasoline (amounting to 4.08% of total energy consumption) used by the industry. As shown in Figure 1 , the output value of the construction industry during the period of 2005 to 2013 displayed a positive increase, rising from 108.478 billion RMB in 2005, to 228.015 billion RMB in 2013. This represented a remarkable annual 9.73% growth rate. These figures, as taken in this context, confirmed both the rapid economic development of the Chinese construction industry in recent years and the achievements of the continuously expanding market scale of the construction industry in Jiangsu Province. Indirect CO 2 emissions constituted the major component of total CO 2 emissions during this time, accounting for in excess of 95% of total CO 2 emissions. During the 2005 to 2013 period, the annual amounts of CO 2 emissions caused by the construction industry experienced rapid growth, increasing from 96,839,000 t in 2005, to 538,469,700 t in 2013, representing an annual increase rate of 23.92%. By the end of 1998, China had fully stopped housing allocation of any kind, and in turn, China's urban housing system experienced a fundamental change. Since then, and continuing to this day, the real estate market has undergone rapid and sustained development. Combined with the accelerated pace of urbanization and the expanding market scale of the construction industry in Jiangsu Province, the total CO 2 emissions of that province's construction industry also experienced rapid and sustained growth. 
Factor Decomposition Analysis of the Construction Industry's CO2 Emissions
After adopting the CO2 emissions of the construction industry in Jiangsu Province (obtained via the LMDI approach), Formulas (6)- (14) can be employed to obtain the contribution values and contribution rates of the construction industry's energy carbon emission intensity effect, energy structure effect, energy intensity effect, per capita output effect, labor scale effect, indirect carbon emission intensity effect and output scale effect (Figure 2 ). The indirect carbon emission intensity effect and industry scale effect are the main driving factors behind construction industry carbon emissions. This finding is consistent with those of previous studies related to carbon emissions in Jiangsu Province [13, 17] . As Figure 2 clearly demonstrates, the indirect carbon emission intensity effect was the primary factor contributing to the increase of the construction industry's CO2 emissions in Jiangsu Province. Seen from the perspective of the cumulative effect, the positive influence of the indirect carbon 
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After adopting the CO2 emissions of the construction industry in Jiangsu Province (obtained via the LMDI approach), Formulas (6)- (14) can be employed to obtain the contribution values and contribution rates of the construction industry's energy carbon emission intensity effect, energy structure effect, energy intensity effect, per capita output effect, labor scale effect, indirect carbon emission intensity effect and output scale effect (Figure 2 ). The indirect carbon emission intensity effect and industry scale effect are the main driving factors behind construction industry carbon emissions. This finding is consistent with those of previous studies related to carbon emissions in Jiangsu Province [13, 17] . As Figure 2 clearly demonstrates, the indirect carbon emission intensity effect was the primary factor contributing to the increase of the construction industry's CO2 emissions in Jiangsu Province. Seen from the perspective of the cumulative effect, the positive influence of the indirect carbon As Figure 2 clearly demonstrates, the indirect carbon emission intensity effect was the primary factor contributing to the increase of the construction industry's CO 2 emissions in Jiangsu Province. Seen from the perspective of the cumulative effect, the positive influence of the indirect carbon emission intensity effect accounted for 56.63% of the overall effect in the 2005 to 2013 period. From the available data, we can see that the indirect carbon emission intensity effect exerted a negative influence on the CO 2 emissions of the construction industry in the 2005 to 2006 and 2009 to 2010 periods. In other years, however, the indirect carbon emission intensity effect was the leading cause of the increase in the CO 2 emissions of the Chinese construction industry, followed by the industry scale effect. This unequivocally confirms that indirect CO 2 emissions constitute the primary source of the total CO 2 emissions of Jiangsu Province's construction industry. These findings further suggest that the indirect carbon emission intensity effect exerts a relatively significant influence on the construction industry's CO 2 emissions. In summary, therefore, the key to achieving the energy conservation and emission reduction goals of the construction industry lies in reducing the industry's indirect CO 2 emissions.
The industry scale effect was the second greatest contributing factor relating to the increase of the construction industry's CO 2 In other years, the industry scale effect was the next leading cause of the increase of the same industry's CO 2 emissions, second only to the indirect carbon emission intensity effect. These findings can mainly be attributed to the rapid development of the economy, the real estate industry boom, the acceleration of urbanization, and the elevation of people's requirements for housing and other infrastructure in Jiangsu Province in recent years. With the economic growth of the construction industry, the consumption of various types of energy and construction materials has increased as well, further contributing to the increase of CO 2 emissions. In the constantly advancing process of urbanization in China, the industry scale effect will continue to be the primary factor contributing to the increase in the CO 2 emissions of the Chinese construction industry.
No significant influence was exerted on the CO 2 emission levels of the construction industry in Jiangsu Province by the energy carbon emission intensity effect, the energy structure effect, the energy intensity effect, the per capita output effect or the labor scale effect. Seen from the perspective of the cumulative effect, during the 2005 to 2013 period, a negative influence was exerted on the CO 2 emission levels of Jiangsu Province's construction industry by the energy carbon emission intensity effect, the energy structure effect and the per capita output effect. Conversely, a positive influence was exerted on the CO 2 emissions of the construction industry in Jiangsu Province by the energy intensity effect and the labor scale effect. The contribution rates also fluctuated during this period. These findings highlight some of the realities of the construction industry in Jiangsu Province. Specifically, our findings highlight the realities of the immature application of energy conservation and emission reduction technologies, the failure to achieve a more favorable emission reduction effect and the current low efficiency of energy utilization. Other realities highlighted include the current concentration of energy consumption in the four aspects covered in this paper (i.e., coal, gasoline, diesel and electric power) in the construction industry, the dominant position of petroleum, coal and other high-carbon fossil energies, and the relatively low proportions of water energy, wind energy, nuclear energy and other clean low-carbon energies in terms of total energy consumption. We have also highlighted the realities of low labor efficiency, the low per capita output and the expanded labor scale, as well as the failure to bring about a corresponding expansion of industry scale. However, with the continuous enhancement of the positive influence of the indirect carbon emission intensity effect and the industry scale effect on CO 2 emission levels, in the future, for the purpose of reducing the CO 2 emissions of the construction industry in Jiangsu Province, efforts must be made to adjust the energy structure, reduce the levels of energy intensity and improve the levels of labor efficiency.
Analysis of the Decoupling Effect Between the CO 2 Emissions of the Construction Industry and Economic Growth
Based on the Tapio decoupling model, we have constructed a CO 2 emissions decoupling model of the construction industry in Jiangsu Province. We thus obtained the decoupling elasticity value between the CO 2 emissions of the construction industry in Jiangsu Province and that province's economic growth during the period from 2005 to 2013, and we further analyzed the decoupling effect (see Table 5 ). As shown in Table 5 , from 2005 to 2013, a weak decoupling state and expansive negative decoupling existed at times between the CO 2 emissions of the construction industry and the total output value of the construction industry in Jiangsu Province, specifically in the periods of 2005 to 2006 and 2009 to 2010. Previous studies also discovered that the decoupling state of the construction industry in Jiangsu Province was one of expansive negative decoupling [17] . During both these periods, the increase in the rate of energy consumption or pollutant emissions was lower than the rate of economic growth. A strong decoupling state existed in the period of 2012 to 2013, during which the economy grew to some extent and reduced the pressure on the environment. An expansive negative decoupling state existed during the 2006 to 2009 and 2010 to 2012 periods. During both of these timeframes, economic growth was accompanied by accelerating environmental disruption. Thus, it is clear that no strong decoupling was truly realized between the CO 2 emissions of the construction industry and the total output value of the construction industry in Jiangsu Province. In addition, a strong decoupling state was observed in 2013. However, as seen from the overall developmental trend in the period from 2005 to 2013, there is still a long way to go before we can ascertain the full decoupling state in the Jiangsu Province construction industry.
Conclusions and Policy Suggestions
Based on the data pertaining to the output value, energy consumption and construction material consumption of the construction industry in Jiangsu Province during the period covered by our study, we have calculated the levels of direct CO 2 emissions, indirect CO 2 emissions and total CO 2 emissions of the construction industry in Jiangsu Province. Based on the Tapio decoupling model, we constructed a CO 2 emission decoupling model of the construction industry in Jiangsu Province. Further, we obtained the decoupling effect between the CO 2 emissions of the construction industry and economic growth in Jiangsu Province during the study period. We also adopted the LMDI model to decompose the factors influencing the CO 2 emissions of the construction industry and to measure the actual effects of various factors on achieving the carbon emission decoupling of the Jiangsu Province construction industry. The following conclusions are drawn in this paper:
(1) The energy consumption, total output value and CO 2 emissions of the construction industry in Jiangsu Province all increased to some extent during the period covered by our study. To be specific, the energy consumption increased from 2,046,800 tce to 3,970,400 tce during this time, representing an annual rate of increase of 8.64% and a relatively significant increase trend. In addition, the output value increased from 108.478 billion RMB per annum to 228.015 billion RMB per annum, representing a remarkable annual growth rate of 9.73%. Total CO 2 emissions increased from 96,839,000 t in 2005, to 538,469,700 t in 2013, representing a significantly high growth rate of 23.92%. In terms of the structure of energy consumption, the energy consumption of the construction industry was primarily concentrated in four aspects, i.e., power, diesel, gasoline and coal. Thus, it is clear that no strong decoupling state was truly realized between the CO 2 emissions of the construction industry and the total output value of the construction industry in Jiangsu Province during our study period. Also, as seen from the overall developmental trend in the 2005 to 2013 period, there is still a long way to go before a full decoupling state in the construction industry in Jiangsu Province can be realized. (3) As seen from the contributions of the indirect carbon emission intensity effect, the industry scale effect, the per capita output effect, the labor scale effect, the energy intensity effect and the energy structure effect on the CO 2 emissions of the construction industry, the indirect carbon emission intensity effect was the primary factor contributing to the increase in the construction industry's CO 2 emissions. The industry scale effect was the second most significant factor contributing to the increase of the construction industry's CO 2 emissions. In fact, except for the 2007 to 2008 period, the industry scale effect always exerted a positive influence on the construction industry's CO 2 emissions. No significant influence was exerted on the changes in the CO 2 emissions of the construction industry by the per capita output effect, the labor scale effect, the energy intensity effect or the energy structure effect. However, given the continuous enhancement of the positive influence of the indirect carbon emission intensity effect and the industry scale effect on the level of CO 2 emissions, in the future, for the purpose of reducing the construction industry's CO 2 emissions, efforts must be made to adjust the industry's energy structure, reduce energy intensity levels and improve the degree of labor efficiency.
Based on the above analysis results and the development characteristics of the Chinese construction industry, in order to achieve the desired CO 2 emission decoupling of the construction industry, policies and measures adapted to local conditions must be established through a decomposition analysis of the above influencing factors, as follows:
(1) Indirect CO 2 emissions constitute the primary source of the total CO 2 emissions of the Jiangsu Province construction industry. Reducing the industry's indirect CO 2 emission intensity will constitute a key factor in achieving the CO 2 emission decoupling of the Jiangsu Province's construction industry. Thus, efforts must be made to improve construction material production processes and to reduce the level of CO 2 emissions generated by the production of construction materials in other industries. Efforts must also be made to energetically promote various "green" novel construction materials, as well as decorative and fitting materials that meet the requirements of sustainable development. A need also exists to increase the intensity of supervision and to prevent merchants from using high-energy consumption and high-emission construction materials for the purposes of reducing production costs in order to maximize economic benefits. (2) As seen from the cumulative effect perspective, a negative influence was exerted on the CO 2 emissions of Jiangsu Province's construction industry by the energy intensity effect and the per capita output effect. With the continuous enhancement of the positive influence on CO 2 emissions of the indirect carbon emission intensity effect and the industry scale effect, reducing energy intensity and improving per capita output could become positive measures to be taken in the effort to achieve the decoupling of the construction industry's CO 2 emissions. Thus, efforts should also be made to energetically promote the R&D and application of energy conservation and emission reduction technologies and to improve the efficiency of energy utilization. Another objective should be to continuously and comprehensively improve the overall quality and working skills of laborers and to fully mobilize those workers' initiatives. Efforts should also be aimed at strengthening performance management, enhancing production quality management and improving labor efficiency. (3) Just as with the energy intensity effect and the per capita output effect, adjusting the energy structure could also prove to be a positive measure to be taken in efforts to achieve the decoupling of the construction industry's CO 2 emissions. Thus, we should actively promote the use of clean low-carbon energies, reduce our dependence on high-carbon energies, and establish and perfect our energy conservation and emission reduction standard systems in the construction industry.
